In this paper we describe a nonlinear imaging method employed to spatially map the occurrence of constrictions occurring on an electrically-stressed gold nanowire. The approach consists at measuring the influence of a tightly focused ultrafast pulsed laser on the electronic transport in the nanowire. We found that structural defects distributed along the nanowire are efficient nonlinear optical sources of radiation and that the differential conductance is significantly decreased when the laser is incident on such electrically-induced morphological changes. This imaging technique is applied to pre-determined the location of the electrical failure before it occurs.
Electromigration (EM) is a phenomenon involving the migration of atoms in a conductive material through the passage of a large current density [1] [2] [3] . This electric stress causes a momentum transfer from electrons to atoms and induces a mass transport eventually leading to the failure of electrical circuit. Widely used in molecular electronics, a controlled electromigration process provides sub-nanometer gaps where single molecule [4] [5] [6] [7] or metal particle [2, 8] can be inserted for single-electron tunneling experiments. These tiny gaps are also raising significant interest in the context of strongly-coupled wire optical antennas where quantum effects dominate the electromagnetic responses [9] [10] [11] [12] and photons can be rectified [13, 14] .
Restructuring of an electrically-biased nanowire is a heat-assisted process where the thermal runaway typically forms large gaps [2, 3, 7] . Many groups use a computer controlled feedback to prevent this catastrophic Joule heating [7, [15] [16] [17] [18] . While the size of gap can be evaluated by monitoring the constriction resistance [6] , its location along poly-crystalline nanowire is not precisely known [1] . In-situ atomic force microscopy [19] and electron microscopies [20, 21] revealed that electromigration typically takes place at grain boundaries, physical defects or impurities inherent to poly-crystalline nanowires or inevitably introduced during the fabrication process. These pre-existing current-crowding points lead to a local rise of the temperature and are the starting point of the rupture [22, 23] . For chemically synthesized metal nanowires, the position of the failure is often at the electrical contact with the electrodes [24] .
In this work, we show that the location of the electromigrated gap can be reliably determined before the rupture of the nanowire. We developed a procedure to map the appearance of defects during the electromigration eventually leading to the formation of a gap. This technique consists at measuring the differential conductance of a biased nanowire under the influence of a pulsed laser beam. We found that the differential conductance is locally reduced when the laser irradiates electrically-induced constrictions created along the nanowire.
These specific points are spatially correlated with an enhanced nonlinear optical responses taking the form of second harmonic generation (SHG) and two-photon luminescence (TPL).
We found that the defect providing the largest contrasts is systematically anticipating the location of the failing point. The current-to-voltage characteristic starts to deviate from a linear relationship at very low bias as demonstrated by the monotonous decrease of G after ∼ 70 mV. This conductance drop results from the rise of the temperature when the current is flowing and dissipates energy in the nanowire [33] . We previously determined the rate of variation at -0.0147 mS/K relatively to the ambient temperature [14] . The temperature rise of the nanowire at V b =V F is thus estimated at ∆T =52 K. For consistency check, we also determined the linear tem-
We find α=0.0024 K −1 in agreement with the value measured by Stahlmecke and Dumpich for similar nanowires [33] .
The evolution of zero-bias conductance G o with the final ramping bias is a good indicator to monitor the onset of electromigration. Figure 3(b) illustrates how G o changes when V b is successively ramped to higher voltage V F . G o , measured at the beginning of each ramp, stays constant until V F ∼ 700 mV corresponding to a current density of 430 kA/µm 2 . After this threshold, the electrical performance of the structure is improved as shown by the steady increase of G o between 700 mV< V F <1250 mV. At this voltage, the temperature of the nanowire is estimated at 318 K. This modest temperature is not sufficient to provoke an annealing of the poly-crystalline Au nanowire [34] . The increase of G o probably results from the thermal desorption of nanowire adsorbates (e.g. water layer). We confirmed this hypothesis by measuring G o again after 96 hours and found the same characteristic rise of the zero-bias conductance indicating that the process is reversible.
When the current density reaches 800kA/µm 2 , the zero-bias differential conductance suddenly drops. This inversion point (arrow) is a clear signature of the formation of irreversible electromigration-induced defects along the nanowire. Under this electrical regime, the variation of G with voltage indicates a nanowire temperature of 418 K, a temperature typical for triggering the electromigration process [15, 16] .
We confirmed the presence of voids after the inversion point of G o (arrow in Fig. 3 ) by subsequently imaging the nanowire zero-bias differential conductance, the SHG and TPL signals as a function of nanowire position with respect to the focus of the ultrafast laser.
The image of Fig. 2(d) shows the laser influence on conductance map. Compared to the pristine nanowire [ Fig. 2(a) ], we observe a localized region at the center of the nanowire where the laser causes a larger decrease of G o . This area is spatially correlated to a strong response on the SHG and TPL images as observed in Fig. 2 (e) and (f). The images also reveal satellite active sites with weaker nonlinear responses indicating that the nanowire is simultaneously thinned at competing current-crowding points. Interestingly, however, the strongest nonlinear response coincides with the largest conductance drop at the center of the nanowire. The defect acts as an entry gate for dissipating the laser energy in the nanowire.
At this position the laser-induced rise of temperature remains modest at 2 K, but is sufficient to provide an imaging contrast. After this characterization step, the electromigration of the nanowire is completed by applying a final series of ramp at V F = 1300 mV. The rupture of the nanowire is confirmed when the conductance is no longer measurable. We have repeated the same imaging protocol and electromigration procedure on other nanowires and systematically found that the location of the largest conductance drop observed after the onset of electromigration [arrow in Fig. 3(b) ] anticipates the position of the electrical failure point.
The ability to predict the spatial location of electromigrated gaps is an important step for fabricating advanced electrically-controlled optical antennas designs. Simple tunneling gaps are essential for rectifying electromagnetic radiation [13, 14, 35] or producing local plasmonic sources [36, 37] , but are plagued by low quantum yields. Engineering the electromagnetic landscape at the vicinity of the gap may contribute at improving the interaction crosssections by deploying resonant feedgaps [38, 39] . However, the different nanofabrication steps that are necessary for patterning the gap with parasitic units (e.g. Yagi-Uda elements [40] ) may compromise the integrity of this sensitive tunneling device. Our approach provides a mean for pre-engineering the predicted location of gap before acquiring its full functionality.
The research leading to these results has received funding from the European Research 
